Aims/Introduction: The usefulness of markers of carotid plaque, such as sum (PS) and maximum (P-max) of the plaque thickness, in combination with intima-media thickness in the common carotid artery (CIMT) for the detection of obstructive coronary artery disease (CAD) was investigated in patients with type 2 diabetes without known CAD. Materials and Methods: B-mode ultrasonographic scanning of the carotid artery and multislice computed tomography coronary angiography were carried out in 332 asymptomatic patients with type 2 diabetes. Results: For the presence of obstructive CAD when incorporating PS or P-max to standard risk factors in a multiple logistic regression model, the classification ability in PS and P-max increased greatly (area under the curve [AUC] 0.827 vs 0.720 [net reclassification index {NRI} = 0.652, P < 0.01] and AUC 0.820 vs 0.720 [NRI = 0.775, P < 0.01], respectively), and it in CIMT increased slightly (AUC 0.740 vs 0.720, NRI = 0.230, P = 0.041). Furthermore, the classification abilities for a model with interaction terms between PS* or P-max* and CIMT were statistically larger than those for a model without interaction terms (AUC 0.833 vs 0.827 [NRI = 0.411, P < 0.01] and 0.823 vs 0.820 [NRI = 0.269, P < 0.05], respectively). Partitioning showed the patients in the values of the PS <2.6 mm and CIMT <0.725 mm (100%), or in P-max <2.1 mm and CIMT <0.725 mm (95.4%), did not have obstructive CAD, whereas those in the values of PS = 2.6 mm, presence of hyperlipidemia and CIMT = 0.675 mm (84%) or those in the value of P-max = 2.1 mm and body mass index = 24 (91.7%) had obstructive CAD. Conclusions: Although the P-max and PS in the carotid artery were useful as detectors of CAD, combining them with CIMT provided a much superior first-line screening method in detecting CAD in asymptomatic patients with diabetes.
INTRODUCTION
Diabetes mellitus is a major risk factor for coronary artery disease (CAD), and it is associated with a two-to fourfold increase of CAD when compared with the risk in the general population 1 . Patients suffering from diabetes mellitus are often asymptomatic regardless of the presence or progression of CAD. Simple, non-invasive, inexpensive, radiation-free tests for screening to identify patients with diabetes as being in either high-or low-risk groups for CVD are required.
Although intima-media thickness (IMT) has been reported to be an important surrogate marker for the prediction of future CAD and stroke in the general population 2, 3 , recent meta-analysis has shown that the addition of IMT does not significantly improve the ability to predict future cardiovascular events when compared with the Framingham Risk Score, indicating IMT is not important in clinical use 4 . However, when carotid plaque such as the presence of plaque (>1.5 mm) was used, the prediction power of future cardiovascular events significantly improved 3 , showing the importance of the evaluation of carotid plaque for future myocardial infarction.
In a recent study involving patients with diabetes, it was reported that the usefulness of maximum IMT thickness including plaque (max-IMT) has been used in both the detection of obstructive (50% = ) CAD 5, 6 and in identifying severe CAD (revascularization) 7 . However, participants in those studies were limited to patients with diabetes with the presence of plaque of the carotid artery (max-IMT >1.1 mm) 5, 6 or to those being screened by the exercise electrocardiogram test 7 . In addition to this, we believe it might not be appropriate to combine the plaque and IMT, and to treat them as being in a single category (such as max-IMT), as the thickening of IMT and formation of plaque reflect biologically and genetically different phenomena in the atherosclerotic process 8 . Because of these factors, we believe that the separate characterization of plaque and IMT could provide better information in predicting CAD. Furthermore, we witnessed a significant interaction between carotid plaque and common carotid artery IMT (CIMT). Herein, we report that the power to detect CAD was even further increased by using both markers in combination.
MATERIALS AND METHODS
The present study, carried out at Shin-Koga Hospital, Kurume city, Fukuoka, Japan, included 332 eligible outpatients with type 2 diabetes mellitus that were undergoing multislice computed tomography (MSCT) coronary angiography and B-mode ultrasonography of the carotid artery for the evaluation of CAD. The exclusion criteria were: (i) the presence of typical angina pectoris; (ii) a history of myocardial infarction; and (iii) a history of percutaneous coronary intervention and surgery for coronary artery bypass grafting. Among 633 diabetic patients, 301 patients with diabetes with known CAD were excluded from this study. The remaining 332 patients were included in the study. Half of the patients had some atypical symptoms including chest discomfort.
Hypertension was defined as blood pressure >140/90 mmHg or treatments with antihypertensive medication. Hyperlipidemia was defined as low-density lipoprotein cholesterol >140 mg/dL or triglyceride >150 mg/dL or use of lipid-lowering medication.
Two trained ultrasonographers, blinded to the information obtained from the MSCT coronary angiography, carried out Bmode ultrasonographic scanning of the carotid artery using an echotomographic system (Toshiba AplioXG, Tochigi, Japan) with an electrical linear transducer (7.5-10 MHz). The IMT measurement was obtained from the near and far wall of both the left and right common carotid artery within 2 cm proximal of the carotid bulb. Four parts of the thickest IMT were averaged to obtain the mean IMT (CIMT). Plaques were defined as local prominence (>1.1 mm) in the IMT. Plaques were measured in the carotid bifurcation as well as in the internal carotid artery and common carotid artery. The PS was calculated by summing the maximum plaque thickness (P-max) measured on the near and far wall of four divisions from both sides of the carotid wall 9 ( Figure S1 ), and the P-max and the number of plaque (PN) were also measured. The coefficients of interassay variation of the CIMT and plaque score were 5.5% and 6.4%, respectively. The intra-assay coefficient for the variation of CIMT and PS has been reported previously 10 .
Coronary MSCT angiography All examinations were carried out with a 64-detector scanner with a 4-cm detector length (Lightspeed VCT; GE Healthcare, Milwaukee, WI, USA). The coronary arteries were divided into 17 segments, according to the modified American Heart Association 11 . The presence of coronary plaques was evaluated visually using axial images and curved multiplanar reconstructions. Plaques were classified as obstructive (luminal stenosis = 50% of the coronary diameter) and non-obstructive (luminal stenosis <50%). The extent and the severity of CAD for each patient was evaluated, both by measuring the number of obstructive segments and by Gensini score 12 .
Statistical analysis
Continuous variables were expressed as the mean -standard deviation, while categorical variables were expressed as percentages. In comparing percentages, we used the v 2 -test. In multiple logistic regression analysis for the presence of obstructive CAD, the area under the receiver operating characteristic (ROC) curves (AUCs) for sets of standard risk factors was estimated. First, we assessed the AUC for the standard risk factors (RFs) such as age, sex, body mass index, duration of diabetes, smoking, presence of hypertension, presence of hyperlipidemia and glycated hemoglobin (HbA1c). Next, we evaluated the RFs with the addition of the markers of carotid plaque; PN, P-max and PS. In addition, we added the interaction terms between CIMT and each maker of carotid plaque into the corresponding model and then evaluated the AUC. The classification abilities were then compared with the net reclassification index (NRI) and integral discrimination index (IDI) 13 . To make use of each risk factor in practice, partitioning, in which the best splitting was determined by the largest likelihood ratio v 2 statistics (G 2 ), was carried out for the presence or absence of obstructive CAD in: (i) CIMT and PS; and (ii) CIMT and Pmax, together with the RFs. The statistical software JMP 11 (SAS Institute Inc, Cary, NC, USA) was used to analyze the data. 332 patients included in the study, 219 (66%) were men, aged 64 -11 years. The patients in our study with obstructive CAD were predominantly male and of a significantly advanced age, they had suffered a longer duration of diabetes, had higher proportions of smoking, higher proportions of hypertension and hyperlipidemia, higher systolic blood pressure, and higher proportions of retinopathy and increased HbA1c. Their carotid ultrasonography, also, showed a significantly higher frequency of carotid plaque, and elevated levels of CIMT, PN, P-max and PS when compared with those without obstructive CAD (Table 1) .
MSCT coronary angiography showed that 200 patients (60%) had obstructive CAD, of which 106 patients (39.8%) had more than 75% stenosis. A total of 5,170 coronary segments were included in the analysis, whereas 55 segments were excluded because of quality insufficient to provide a diagnosis. Plaques were observed in 2,248 segments (43.9%), of those, non-obstructive plaques were found in 1,566 segments (30.6%) and obstructive plaques in 682 segments (13.3%), of which 207 segments (4%) showed more than 75% stenosis.
The percentage of obstructive segments and Gensini score in the coronary artery both showed significant correlations with the standard risk factors, such as age, smoking, duration of diabetes, systolic blood pressure, low-density lipoprotein cholesterol and HbA1c. We also found even closer correlative relationships among the CIMT (r = 0.336, P < 0.001), P-max (r = 0.436, P < 0.001) and PS (r = 0.470, P < 0.001) in the carotid artery (Table S1 ). In a multiple, stepwise regression analysis for the extent (percentage of obstructive segments) and for the severity (Gensini score) in the coronary artery, the incorporation of CIMT to the RFs contributed significantly (regression coefficients [b] = 0.252, P < 0.001; R 2 = 0.166, P < 0.001 and b = 0.250, P < 0.001; R 2 = 0.201, P < 0.001), as did the incorporation of P-max (b = 0.377, P < 0.001; R 2 = 0.237, P < 0.001 and b = 0.323, P < 0.001; R 2 = 0.237, P < 0.001, respectively). The incorporation of PS also greatly contributed (b = 0.458, P < 0.001; R 2 = 0.255, P < 0.001 and b = 0.394, P < 0.001; R 2 = 0.283, P < 0.001, respectively). The highest R 2 was obtained by incorporating PS or P-max to the RFs (0.269 and 0.224, respectively; Table S2 ).
Multiple logistic regression analysis for the presence of obstructive ( = 50%) CAD was carried out to investigate the added effects of CIMT and the markers of carotid atherosclerosis, such as PS and P-max, to the RFs ( Table 2 ). The NRI and IDI are shown in Table 3 . In multiple logistic regression analysis, the RFs such as age, hypertension, hyperlipidemia and HbA1c significantly contributed, and the AUC was 0.720 (95% confidence interval [CI] 0.659-0.774). In the model with the addition of CIMT to the RFs, the CIMT was significantly associated with the presence of obstructive CAD (b = 2.319, P = 0.005) with the AUC increasing to 0.740 (95% CI 0.679-0.793; model B in Table 2 ). This model significantly improved the ability to classify the presence or absence of obstructive CAD (NRI index 0.230, 95% CI 0.010-0.450, P = 0.041; and IDI index 0.019, 95% CI 0.004-0.033, P = 0.013; A : B in Table 3 ). With the addition of P-max to the RFs, P-max was significantly associated with the presence of obstructive CAD (b = 0.875, P < 0.001), and the AUC increased greatly to 0.820 (95% CI 0.767-0.864; model C in Table 2 ). This model also significantly improved the ability to classify the absence or the presence of obstructive CAD (NRI index 0.775, 95% CI 0.572-0.979, P < 0.001; and IDI index 0.129, 95% CI 0.095-0.163, P < 0.001; A : C in Table 3 ). In the model with the addition of PS to the RFs, the PS was significantly associated with the presence of obstructive CAD (b = 0.245, P < 0.001), and the AUC increased greatly to 0.827 (95% CI 0.774-0.870; model D in Table 2 ). This model also showed significant improvement for the classification of the absence or presence of obstructive CAD (NRI index 0.652, 95% CI 0.454-0.849, P < 0.001; and IDI index 0.085, 95% CI 0.059-0.111, P < 0.001; A : D in Table 3 ). Because of the significant effects of the interaction terms between P-max* and CIMT, or between PS* and CIMT being observed (Table S3) , the effects of the addition of interaction Multiple logistic regression analysis for the presence of obstructive ( = 50%) coronary artery disease (CAD) was first constructed to include only standard risk factors (A) -those factors being sex, age, body mass index, duration of diabetes, smoking, presence of hypertension or hyperlipidemia and glycated hemoglobin -and then standard risk factors plus common carotid artery (CIMT) (B) or standard risk factors plus maximum plaque thickness (P-max) (C) or standard risk factors plus sum of the plaque thickness (PS) (D). In addition to standard risk factors, interaction variables between the markers of carotid atherosclerosis, such as PS, P-max and CIMT (CIMT* P-max and CIMT* PS) were also incorporated into this model. b (Log odds ratio), partial regression coefficient; AUC, area under curve; CI, confidence interval. Table 2 NRI (95%CI) P-value IDI (95%CI) P-value Statistical significance between the groups (A, B, C, D, E and F, shown in Table 2 ) was examined using net reclassification improvement (NRI) and integrated discrimination improvement (IDI) analysis. A, standard risk factors only; B, standard risk factors + common carotid artery; C, standard risk factors + maximum of the plaque thickness; D, standard risk factors + sum of the plaque thickness; E, standard risk factors + common carotid artery * maximum of the plaque thickness; F, standard risk factors + common carotid artery * sum of the plaque thickness. CI, confidence interval.
terms between P-max* and CIMT or PS* and CIMT to the corresponding model were further investigated (model E and F in Table 2 ). With the addition of the interactive term between P-max* and CIMT to the corresponding model, the AUC increased to 0.823 (95% CI 0.770-0.866; model E in Table 2 ), and the model improved significantly for the classification of the presence or absence of CAD (NRI index 0.269, P = 0.0145; and IDI index 0.025, 95% CI 0.01-0.04, P = 0.001; C : E in Table 3 ). Also, by adding the interaction terms between PS * and CIMT to the corresponding model, the AUC increased to 0.833 (95% CI 0.780-0.874; model F in Table 2 ), and the model was significantly improved for the classification of the presence or absence of obstructive CAD (NRI index 0.411, 95% CI 0.196-0.626, P < 0.001; and IDI index 0.042, 95% CI 0.024-0.060; D : F in Table 3 ).
To make use of these results in practice, partitioning was carried out, for the presence and absence of obstructive CAD, in PS and CIMT, together with RFs in 332 asymptomatic patients with diabetes (Figure 1a) .
At the first stage, patients were partitioned at a value of PS of 2.6 mm, which was equivalent to the value of cut-off in the ROC curve for the presence of obstructive CAD (Table S4 , Figure S2 ). In patients with PS <2.6 mm (n = 119), 89 patients (74.8%) did not have obstructive CAD. For the patients in whom CIMT was <0.725 mm, all patients (100%) did not have obstructive CAD. In contrast, among the 213 patients in whom PS was more than 2.6 mm, 170 patients (79.8%) had obstructive CAD, and approximately 84% of patients with the presence of hyperlipidemia and CIMT = 0.675 mm had obstructive CAD ( Figure 1a) .
Next, the partitioning of P-max and CIMT, together with RFs was carried out (Figure 1b) . At the first stage, patients with a P-max value of 2.1 mm were selected, which was equivalent to the cut-off value of P-max in the ROC curve for obstructive CAD in Table S4 and Figure S2 . Of the 159 patients with a P-max value <2.1 mm, 106 patients (66.7%) did not have obstructive CAD, and almost all patients (95.3%) did not have obstructive CAD when the CIMT was at values of <0.725 mm. In contrast, among the 173 patients in whom the P-max was more than 2.1 mm, 147 patients (85%) had obstructive CAD. Furthermore, patients with a duration of diabetes = 27 years (100%), or patients with a duration of diabetes <27 years and a BMI = 24 (91.7%), had obstructive CAD (Figure 1b) .
DISCUSSION
Our present study shows that although markers of carotid plaque, such as the P-max and PS, are extremely useful in the detection of the presence of obstructive CAD, combining the markers of carotid plaque (P-max and PS) with CIMT even further increases the delectability of obstructive CAD. Therefore, we have determined this to be a very useful method as a first-line screening test in identifying CAD in asymptomatic patients with diabetes.
Previous studies to examine the correlation between CIMT and the extents (or severity) of CAD in general patients with CAD have reported a significant, but weak, correlation (r = 0.29 for Gensini score) 14 , and between the IMT of the internal carotid artery and Gensini score was also weak (r = 0.26) 15 . Those results were similar to ours in asymptomatic patients with diabetes (r = 0.296, P < 0.001, in between CIMT and Gensini score, as shown in Table S1 . In multiple regression analysis by Adams et al. 14 in general patients, CIMT did not significantly contribute after adjustment with the conventional risk factors for the detection of severity of CAD (Gensini score). In our asymptomatic patients with diabetes, CIMT was still weak, but significantly contributed to the extent (percentage of number of obstructive segments) after adjustment with RFs. In addition, as new findings, we showed that P-max and PS greatly contributed to the extents of obstructive CAD (percentage of numbers of obstructive segments) and also to the severity of CAD (Gensini score; Table S2 ). In the present results, we showed that PS and P-max greatly contributed the extents and severity of CAD.
Second, we investigated the presence of obstructive ( = 50%) CAD using a multiple logistic regression model (Tables 2 and  3) . With the addition of CIMT to the RFs, the CIMT was significantly associated with the presence of obstructive CAD (b = 2.319, P = 0.005) and the AUC increased to 0.740 (95% CI 0.679-0.793; model B in Table 2 ). Our finding is consistent with the recent report that in asymptomatic patients with diabetes, after adjusting the RFs, CIMT independently contributes 16 , showing its usefulness in predicting CAD. Furthermore, when the markers of carotid plaque, such as Pmax or PS, were included in the model, the AUC greatly increased by 0.1 (13.9%) or 0.107 (14.9%) in comparison with that of the RFs, whereas the AUC of the CIMT increased by just 0.02 (2.8%). Irie et al. 6 reported similar findings in asymptomatic diabetic patients with the presence of carotid plaque (>1.1 mm) using max-IMT; namely, the equivalent to P-max in our study, and that the AUC significantly increased from 0.64 to 0.74, by 0.1 (15.6%), and was higher than that of CIMT. Both these studies show the clinical application of measuring markers of carotid plaque, such as P-max along with the RFs, as being superior to CIMT in detecting obstructive CAD in patients with diabetes. Furthermore, the AUS in PS (0.833) was higher than that in P-max (0.824). In this regard, the present study concluded that the PS, a simple and semiquantitative estimation of the carotid plaque, was the most effective marker in the detection of obstructive CAD.
In addition to this, we saw a significant interaction between PS* and CIMT, and also between P-max* and CIMT (Table S3 ). In incorporating the interaction terms, such as PS* and CIMT, with the RFs, there was a further significant increase in the AUC from 0.827 to 0.833 by 0.006 (0.7%; model F in Table 2) , and an improved NRI of 0.411 (approximately 41%; D : F in Table 3 ). Although an increase of 0.7% in the AUC might seem to be small, the interaction terms between the PS* and the CIMT caused a 41% improvement in the detection of obstructive CAD in comparison with that of just PS with the RFs. Similarly, with the addition of interaction terms between the P-max* and the CIMT to the RFs, the AUC increased from 0.820 to 0.823 by 0.003 (0.3%) when compared with that of P-max with the RFs (Table 2) , and improved the NRI by 0.269, which was roughly interpreted as a 27% improvement in the detection of obstructive CAD (C : E in Table 3 ). Taking all metrics into consideration, we concluded that the evaluation of PS or P-max in combination with CIMT proved to be the most effective method for detecting obstructive CAD.
Our findings in which the highest AUCs were obtained by combining the markers of carotid plaque and the CIMT also addressed the importance of the individual measurement of the IMT and plaque in the carotid artery. Although max-IMT (maximum thickness of either IMT or plaque) has been used in many studies [5] [6] [7] , the importance of its relationship to the interaction terms between the plaques and the IMT had not been clarified, and the importance of their association with CAD had been underestimated. The thickening of IMT mainly represents hypertensive medical hypertrophy, which is biologically distinct from plaque. Whereas, the presence of plaque represents a distinctive phenotype of atherosclerosis, which creates a condition with higher possibilities of thrombosis and rupture, thus leading to cardiovascular events 17 . Disagreements or conflicts with negative or positive results in a population-based study on the association between IMT and future myocardial infarction might depend on the evaluation of IMT including or not including plaque. Inaba et al.
18 clarified this point in their meta-analysis, reporting that IMT including plaque (i.e., probably might reflect plaque thickness) was superior to IMT not containing plaque. Editorials on that study commented that neither approach to IMT measurement should be called "atherosclerosis," rather, they should be called IMT, and that IMT including plaque should be called plaque thickness 19 . To test the clinical usefulness of the combination of the markers, a set of PS and CIMT with RFs (Figure 1a) , and a set of P-max and CIMT with RFs ( Figure 1b ) was carried out in 332 patients with diabetes using the partitioning method. In partition of PS and CIMT with RFs, the value of 2.6 mm for PS was selected at the first step, which corresponded to the cut-off value in the ROC curve of PS for obstructive CAD (Table S4) . Out of 119 patients with PS of <2.6 mm, 74.8% of patients did not have obstructive CAD. In the patients with PS of <2.6 mm and CIMT of <0.725 mm, none had obstructive CAD. In contrast, in 213 patients with PS = 2.6 mm, 79.8% had obstructive CAD. Furthermore, in the presence of hyperlipidemia and CIMT of = 0.675 mm, most patents (84%) had obstructive CAD. Next, partitioning was carried out for P-max and CIMT combined with RFs (Figure 1b) . At the first stage, 2.1 mm of P-max, which corresponded to the cut-off value of P-max in ROC for obstructive CAD (Table S4 ) was partitioned. The value (2.1 mm) can be compared with the research carried out by Kasami et al. 5 and Irie et al.
7
, who determined cut-off values of IMT-max for the obstructive CAD at 1.9 mm and severe CAD at 2.45 mm, respectively, in the patients with the presence of carotid plaque (>1.1 mm). Out of 159 patients with a P-max of <2.1 mm, 66.7% did not have obstructive CAD, and the vast majority of patients (95.4%) did not have obstructive CAD when the CIMT was <0.725 mm. In contrast, out of 173 patients with a P-max over 2.1 mm, 85% had obstructive CAD in the patients who had diabetes for over 27 years, all (21 patients) had obstructive CAD; and in the 60 patients with a body mass index above 24 who had diabetes for <27 years, approximately 92% had obstructive CAD.
Using partitioning, we were able to confirm the practical benefits of combining PS or P-max with CIMT, together with the standard risk factors. By using these markers, we can effectively predict the absence or presence of obstructive CAD in the most asymptomatic patients with diabetes.
The present study did have some limitations, however, in that it did not include subjects with non-diabetes, so the usefulness of this method in the general population still remains unclear. Also, our participants might not represent general diabetic patients as a whole, as half of the patients in the present study had symptoms of chest discomfort. Carotid plaque area or volume 8 were not included in the present study. This measurement is considered to be a more precise estimation of plaque.
In conclusion, although the markers of carotid plaque, such as the P-max and PS, in the carotid artery are useful in the detection of CAD, we found the combination of the markers of carotid plaque with CIMT to be the most useful first-line screening test for the presence or absence of CAD in asymptomatic patients with diabetes. 
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